The transverse distribution of gluon and quark-antiquark pairs produced from a strong constant chromo-electric field depends on two gauge invariant quantities, (2005)] for quarks. Here, we discuss the explicit dependence of the distribution on the second Casimir invariant, C2, and show the dependence is at most a 15% effect.
The transverse distribution of gluon and quark-antiquark pairs produced from a strong constant chromo-electric field depends on two gauge invariant quantities, C1 = E a E a and C2 = 
I. INTRODUCTION
Recently the transverse distribution of particle production from strong constant chromo-electric fields has been explicitly calculated in Ref. 1 for soft-gluon production and in Ref. 2 for quark (antiquark) production. This particle production method, originally discussed by Heisenberg and Euler [3] , Schwinger [4] and Weisskopf [5] , has a long history as a model of the production of the quark gluon plasma following a relativistic heavy ion collision [6, 7] .
The physical picture considered here is that of two relativistic heavy nuclei colliding and leaving behind a semiclassical gluon field which then non-perturbatively produces gluon and quark-antiquark pairs via the Schwinger mechanism [4] . At high energy large hadron colliders, such as RHIC (Au-Au collisions at √ s = 200 GeV) [8] and LHC (Pb-Pb collisions at √ s = 5.5 TeV) [9] , about half the total center-of-mass energy, E cm , goes into the production of a semi-classical gluon field [10, 11] , which can be thought to be initially in a Lorentz contracted disc. The gluon field in SU(3) is described by two Casimir invariants, the first one, C 1 = E a E a , being related to the energy density of the initial field, whereas the second one,
, is related to the SU(3) color hypercharge left behind by the leading particles. So the question we want to study in this short note is how sensitive the transverse distribution is to this second Casimir invariant C 2 . In a future paper we will discuss how the results for the transverse distribution are modified by the back reaction problem for the chromo-electric field. Some of the history of previous work on pair production in QCD is found in the papers of [12, 13, 14, 15, 16] . * Electronic address: cooper@santafe.edu † Electronic address: john.dawson@unh.edu ‡ Electronic address: bmihaila@lanl.gov
II. PAIR PRODUCTION RATES IN QCD BY THE SCHWINGER MECHANISM
In Ref. 1, Nayak and Nieuwenhuizen obtained the following gauge invariant formula for the number of nonperturbative soft gluons produced per unit time and per unit volume and per unit transverse momentum from a given constant chromo-electric field E a :
Here λ j are real positive quantities defined as:
where θ is real and given by [17] :
For gluons, the range in θ is 0 ≤ θ ≤ 2π/3. The eigenvalues λ j depend only on the Casimir invariants for SU(3) 
where m is the effective mass of the quark and the eigenvalues λ j are given by For quarks, the range in θ is 0 ≤ θ ≤ π/3, which is half the range for gluons. The difference in sign in the logarithm between the gluon distribution and the quark distribution is related to bose vs. fermi statistics, with the eigenvalues λ j acting as effective temperatures. We find that in the quark case, because of the quark mass, the forward production depends on C 1 and on θ, whereas the normalized gluon distribution in the forward direction depends only on θ for a given initial energy density. The value of C 1 can be estimated from the initial centerof-mass energy of the colliding ions, and the volume of the Lorentz contracted Nuclei. For example for gold, R ≈ 10 fm and at RHIC the center-of-mass energy is ≈ 200 GeV per nucleon. The initial density is then of the order
with V 0 = 4/3πR 3 , and γ = M ion /E cm . For the above RHIC case ρ ≈ 100 GeV 4 . We take m = m q ≈ 1/3 GeV. For quarks, the maximum and minimum values of the forward production rate are reached for θ = 0 and θ = π/6, respectively. We take m = mq ≈ 1/3 GeV.
III. RESULTS
In Fig. 1 we plot the rate of gluon production as a function of the transverse momentum for θ = 0 and π/3 for two values of the initial energy density C 1 = 100 and 1000 GeV 4 . These values of θ give the minimum and maximum values for the gluon production rate given in Eq. (2.1). In Fig. 2 we show the percentage variation of the magnitude of the normalized (to the maximum) distribution in the forward direction for gluon pair production as a function of θ. We see that this result depends only on θ because of the absence of a mass term. The maximum variation on θ of the pair production rate occurs in the forward direction and is approximately 15%. We see that the maximum value of the pair production rate occurs at θ = π/3.
In Fig. 3 we plot the rate of quark production as a function of the transverse momentum for θ = 0 and π/6 for the same two values of the initial energy density, C 1 = 100 and 1000 GeV 4 . These values of θ give the minimum and maximum values for the quark production rate given in Eq. (2.5). In Fig. 4 we show the percentage variation of the magnitude of the normalized (to the maximum) distribution in the forward direction for quark production as a function of θ. For quarks, this quantity depends on both θ and C 1 but becomes independent of C 1 as the initial energy density increases at which point the mass of the quark becomes irrelevant. The maximum value of the quark production rate occurs at the endpoints θ = 0 and θ = π/3. For quarks, the maximum percentage variation, which occurs between θ = 0 and θ = π/6 is a function of C 1 . This percentage variation asymptotes as a function of C 1 to a value of approximately 13%, as shown in Fig. 5 .
IV. CONCLUSIONS
We have considered the dependence of the pair production rate of quarks and gluons from a strong chromoelectric field and have discovered that the effect of the second Casimir invariant of SU(3), which was not present in the electric field problem, effects the distribution by less than 15%. This event by event dependence of the transverse momentum distribution of jets on C 2 may be something of interest at heavy ion colliders.
